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We investigate the correlations between the scalar meson configurations and Okuba-Zweig-Iizuka 
(OZI) rule violations in the hadronic decays of heavy quarkonia, e.g. J/tp and T, into isoscalar 
vector meson (<p and uj) and scalar mesons (/o(1710), /o(1500), and /o(1370)). It shows that the 
dramatic change of the values of the branching ratio fraction of <pfo/uifo from low (e.g. in J/tp 
decays) to high energies (e.g. in T decays) will not only test the glueball-QQ mixings, but also 
provide important information about the mysterious OZI-rule violations within the scalars. 



C/3 



The recent experimental data from BES [IM^lLljl seem to have enhanced the possible existence of significant 
glueball contents within the low- lying scalars [fil If! l7t Isl Ifll ITfl ITU Il2l Il3j | . In particular, large glueball components 
are preferred in the / (1500), while large \ss) and \nn) = \uu + dd)/y/2 are dominant in the /o(1710) and /o(1370), 
respectively. Although the glueball components are relatively small in these two states, their phases relative to the 
dominant QQ components turn out to play crucial roles in the understanding of the scalar spectroscopy 0, IE US, EH • 
Implications arising from the presence of the glueball components can then be detected in their production processes. 
Oh' Mechanisms such as J/tp hadronic and radiative decays are ideal for probing information about the glueball-QQ 
mixings. 

In Ref. we reported a coherent study of the production of /g (i — 1, 2, 3 corresponding to /o(1710), /o(1500), 
and /o(1370)) in J/tp — * Vfo — > VPP, where V = <p, uj. There are advantages of studying isoscalar vector meson 
(p and uj in association with the fo states: i) Since uj and cp are approximately ideally mixed in the flavor space, the 
process J/tp — > (pfo(ss) and J/tp — ► ujfo{nn) may probe the ss and nn components separately to leading order via 
the singly OZI [Ty| disconnected diagrams (Fig. db)); ii) If there exist glueball components in the fo states, those 
two pro cesses also probe the glueball components at the same order via J/ip — > VG (Fig. 2J a )); iii) As discussed in 
Ref. the ratio of these two decay channels also highlights the importance of the doubly OZI disconnected diagram 
in the interpretation of the BES data for the production of f n (1370) and /o(1500) in the J/tp decays (see Fig. He)), 
which is contrary to expectations based on naive OZI rule [l7|. Therefore, the importance of its violations can also be 
reflected by the failure of the prescriptions, which only include the leading contributions from the singly disconnected 
J^D I processes and the direct glueball production. 

It was pointed out by Lipkin before that the OZI-rule violations can always proceed by a two-step process involving 
intermediate virtual mesons [Tsl ]. For example, as studied by Geiger and Isgur |l9j . systematic cancellations among 
the hadronic loops occurred for the uu «-> ss mixing in all the low- lying nonets except ++ . A general argument was 
O 1 given by Lipkin and Zou (2£j. Similar to the large rates of pp — > K*K + c.c. — > (pit [2l]], the doubly OZI disconnected 
processes in the J/tp decays, can occur via J/tp — > K*K + c.c. — » Vfo, or J/tp — > pir + c.c. — ► V f$. As we know 
• that J/tp — > K*K + c.c. and pn + c.c. are two of the largest decay channels of J/tp [23, the virtual meson mediated 
transitions as the dominant contributions to the doubly OZI disconnected processes may not be small. Such an 
approach was applied to the investigation of the "p7r puzzle" in J/tp and tp' by Li, Bugg and Zou |23| . In comparison 
with the quark-gluon interaction picture the intermediate meson exchange model could be useful for us to study the 
correlation between the strong glueball-QQ mixings and presence of possible OZI violations. In particular, the energy 
evolution of the doubly disconnected processes can be investigated and may shed light on some of those recently raised 
puzzles in the scalar meson productions 0|. 

As follows, we first summarize the glueball-QQ mixing scheme and the factorizations for the /q productions in the 
quarkonium decays. By studying the exclusive reactions, J/tp — > Vfo — > VPP, and T — * Vfo — * VPP, where the 
"close-to-ideally- mixed" uj and (p play a role as an OZI filter, the different energy-dependence between the singly and 
doubly disconnected processes can be highlighted. We then study the energy evolution of the doubly OZI disconnected 
processes in an intermediate meson exchange model. The conclusion will be drawn in the end. 

Applying the glueball-QQ mixing scheme proposed by Amsler and Close 0, and developed later by Close et 
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al the three /g states, which are the eigenstates of the glueball-QQ mixing potential, can be described as 




|/ (1710))\ ( Xl 2/1 2l 

|/o(1500)) = \ x 2 y 2 z 2 | | \ss) | , (1) 
|/o(1370)> J \x 3 y 3 z 3 

where \G), \ss), and \nn) are the pure glueball and QQ nonet, respective ly, a nd Xi, yi and Zi are the mixing matrix 
elements determined by the flavor-independent glueball-QQ transitions 0, [3| . As studied in Ref. 0, 0] , the mixing 
matrix determined by the data iorjji-^ PP possesses stable features and can be tested in the /q production processes. 
In particular, it was shown in Ref. [lj| that the description of J/tp — > V/q needs essentially a strong glueball component 
in the /o(1500). Furthermore, the preference of the presence of strong glueball component in the /q also implies the 
strong OZI violations could become significant at the low energy region. 

In Ref. 0| , an OZI-selecting factorization scheme is proposed for J/ip — > V/q, and can be generalized to other 
vector quarkonium decays, e.g. T — > V/q. The transition occurs via 

M 0G = (G\V4,\Q V ) 
M^ss) = (ss\V$\Q v ) 

M Hnfi ) = (nn\V^\Qv) , (2) 

where Qy denotes the quarkonium wavefunction, and M^q, M^ sS \, and M^ nn ) are transition amplitudes for the 
production of the pure glueball and flavor nonet through the vector meson potential. Since the <fi is almost ss, the 
potential filters out the higher order OZI process M^( na ) , which is doubly OZI disconnected at leading order. 

Due to lack of information about the potentials, we assume, based on the order of a s , that the singly OZI discon- 
nected processes have the same strengths. As an example for J/tp — > </>/q, we assume 

(G\v*\ jm * HWM • (3) 

For the doubly disconnected transition M^( nR -j, it is natural to introduce r for its relative strength to the singly 
disconnected ones: 

(HWM^V^r<««|V*|JM, (4) 

where the factor y2 is from the normalization of nn. Naively, r << 1 would imply that the doubly disconnected 
process has a perturbative feature, while r ~ 1 reflects the strong OZI-rule violation. The same factorization can also 
be applied to J/ip — > w/^ [lfij . 

Following the assumption made for those three independent transitions, and considering the partial decay widths 
for J/ip — ► 0/q — * (f)PP and J/tp — > cj/q — > uiPP, we have a set of equations in terms of only one independent 
transition amplitude of the pure glueball production: 

Tj/v^/^pp = r^-r br f i^pp [xi +yi + V2rz i ] 2 Tj / ^ (j> a , (5) 
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rr/.i-.,.,f(_ u .,PP = j P "'U ?V'^pp[zt + ryj + v / 2zi] 2 rj/^,_ >a;G , (6) 



where 2rj/^,^0 G /|p0 G | = rj/i>-+wG/|PwG| due to the flavor-blind assumption. For /q decays into the same pseu- 
doscalar meson pairs, such as /g — > ifi?, the ratio between these two partial decay widths becomes 



D oz/ T ,i/ip^<pf^<t>KR |p0i| [ij + yj + \/2'. 

^ = "F = tz — r^T — ; ; — ^~T7 > \'> 



rzj' 2 



Fj/ip^ufi^uKK \Pui\ 2[Xi + ryi + 

which will be the focus of our discussions in this work. First, we point out that, apart from the momenta, |p^i| and 
|p W i|, the energy scale does not explicitly appear in the above expression. The ratio Rf ZI will then be determined 
correlatively by the scalar mixing matrix elements and the doubly OZI violations (r). Also, we note that the mixing 
matrix elements contain the structure information about the scalars and are independent of the energy scales. In 
contrast, the doubly OZI violation parameter r could depend on the energy scale. Therefore, it is natural to expect 
that the energy-dependence of r would lead to the change of Rf ZI at different decay energies, or between, e.g., 
J/ip and T decays. Also, due to the correlation between r and the mixing matrix elements, certain pattern for the 
energy-dependence of Rf ZI can be predicted. 



As an example, to the limit of r — > 0, where the OZI rule applies, Eq. (JTJ for the /o(1710) production will reduce to 



R ozi _ |P0il [^i+?/i] 2 _q 
1 2| P(1> i| [xi + ^Z!] 2 ■ 1 j 

In the case of JM decays |l5| . this value is contradicted by the experimental data ~ 0.15 from BES 0,0, an d 
0.75 from PDG [22|. Substituting the experimental data into the above equation, one determines r ~ 2.2 and 0.5, 
respectively. This suggests that there are important contributions from the OZI rule violations in the J/ip decays. 

Although it may not be very surprising that there are significant OZI violation contributions in the scalar produc- 
tions, it nontrivially implies that its presence and absence would lead to inversely changed values for R® ZI as shown 
by Eqs. (Q) and ©. Note that though Eq. J2J is derived in the J/tp decays, it does not strongly depend on the masses 
of the J/ip meson except for r, of which the energy-dependence is not known 27]. In another word, by measuring the 
energy dependence of 

R ozi = r 3g(iS)^^ _ [xj + yi + V2r Zl } 2 
r 3 ff (lS)->w/* 2[xj + ryi + V2zi} 2 ' 

one would have access to the energy evolution of the OZI violation contributions contained within r. As a result, the 
correlated information about the scalar structures can also be examined. 

Equation © allows us to investigate the evolution of Rf ZI in terms of a range of r, e.g. r = ~ 3. In such a 
general context, r — > will correspond to the regime where the OZI rule is well respected, while r ~ 1, to the region 
of strong OZI violations. We plot the ratio changes in Fig. [3 For the J/tp decays, r ~ 2.2 suggests the significant 
breaking of the OZI rule as found in Ref. [T^ . This is the region that the small fraction of R® zl — 0.15 for the 
/o(1710) is observed. Furthermore, the ratios R% ZI and R% ZI for the / (1500) and / (1370) are much larger than 
unit. Hence, the branching ratio pattern observed by BES emerges. 

In Fig. in the limit of r — > 0, Rf ZI exhibits dramatical changes. In particular, it shows that the production 
branching ratio for </>/o(1710) will become much larger than that for u//o(1710). Therefore, the ratio Rf ZI = 0.15 
observed in the J/ip decays will be inversely changed to R° ZI > 1. In fact, such an inverse change could happen even 
at moderate values for r. As shown by Fig.0 the ratio Rf ZI = 1 corresponds to r — 0.5. In brief, Fig. [5] provides a 
guide for the change of the branching ratio fractions at different energies via the energy evolution of r. However, such 
an evolution trend will only become useful when the energy dependence of r is quantified. This requires an explicit 
relation between the doubly and singly OZI disconnected processes to be established. It will then enable us to map r 
in Fig. to a certain energy region, where the ratio Rf ZI can be predicted. 

Theoretically, the energy evolution of r can be investigated by calculating the relative strengths between the doubly 
disconnected process and the singly disconnected one as defined by Eq. (@J. However, due to the break-down of the 
perturbative character of the doubly disconnected processes, Fig. QJc) cannot be regarded as Feynman diagram, but 
rather a topological one. In this sense, a pQCD calculation of r becomes unreliable. We hence introduce a dynamical 
assumption based on sucessful phenomenological treatments available in the literature. We assume that the OZI 
doubly disconnected processes are dual with the intermediate meson exchange processes 

In the picture of Geiger and Isgur's intermediate virtual meson exchanges, the doubly disconnected diagram can be 
illustrated by two topological diagrams, Fig. E^a) and (b). Qualitatively, such processes will be suppressed relative to 
the singly disconnected ones at higher energies. In Fig. B^a), the two colored quark-antiquark pairs must exchange a 
colored gluon to keep overall color-singlet. In the case that the created quark pairs scatter out to form the final state 
V and /q, there must need large momentum transfers between quark line qi and qi- Nevertheless, the momentum 
difference between q\ and qi will increase with the increasing masses of the initial quarkonia since they must be 
recoiled back to the directions of their original quark (antiquark) partners to form the mesons in the final state. As 
a consequence, the exchanged gluon will become very hard and the transition amplitude will be suppressed at higher 
masses. One can also understand this as the suppression from the wavefunction distribution of the virtual meson 
formed by q\ and qi. Higher energies will correspond to the wavefunction tail at shorter distances, which is far away 
from the large wavefunction density determined by the typical size of meson. 

In Fig. |3fb) , the color-singlet quark-antiquark pair of the scalar meson is created and recoiled to the backward 
direction. In the virtual meson exchange model, as shown by Fig.^b), the quark-antiquark pairs must correlate with 
each other to form the virtual mesons. Therefore, at least at one vertex, e.g. V q , which is the 3 Po production vertex, 
the quark line must be recoiled back approximately to the momentum direction of the final antiquark. Because of 
such a large momentum transfer at vertex V q , the 3 Pq mechanism is suppressed, which means that the transition via 
Fig. OUb) will decrease with the increasing energies, i.e. in the decay of heavier quarkonia. 

In principle, by summing over all the possible meson exchange loops, the meson exchange mechanisms would provide 
the same results for the doubly OZI disconnected processes. However, difficulty will arise due to possible contributions 
from a large number of intermediate processes. A further reasonable assumption then is to consider the dominant 



processes based on the available experimental information. As shown by PDG |23 , J / ip nas the largest partial decay 
widths to pn, and u> meson has also strong couplings to pn. Meanwhile, for these fo states, the decay of /q — > nn 
is one of the most important channels, e.g. /o(1370) — > tttt. This makes the pn intermediate exchange a leading 
contribution to J/tp — ► cj/q. Similarly, the intermediate K*K + c.c. exchange should be also a dominant contribution 
to J/ip — ► 0/q : the partial decay width of J/ip — > _ftT*^ + c.c. is about one order of magnitude larger than J/^ — * </>/q ; 
the 4> meson couples strongly to K*K; and K K is the dominant decay channel for the /o(1710). Furthermore, note 
that the other hadronic decay channels of J /if) are almost the same order of magnitude as J/ip — > w/o(1710), or just 
one magnitude larger than J/ip — > 0/o(171O). Their rescatterings to final state V/q would be strongly suppressed due 
to their weak couplings to V fo and energy suppressions at the rescattering vertices. 

Following the meson exchange mechanisms, we calculate the meson loops in Fig. 0] as a leading contribution to the 
doubly disconnected process. Supposing the OZI violation effects are from the intermediate meson exchange processes, 
we can estimate the meson exchange contribution and compare it with the "tree" diagram for J/ip — > VP + c.c, 
e.g. J/ip — + K*K + c.c. and J/ip — ► pir + c.c. Since the J/ipVP vertices are the same between the tree and loop 
transitions, the ratio between the meson-exchange loop and the tree process of J/ip — > VP + c.c. will then highlight 
the OZI violations in this dynamical process. For the purpose of gaining information about the rough behavior of 
the energy-evolution of the doubly OZI processes, the energy-evolution of this ratio is sufficient to account for the 
energy-dependence of the doubly OZI violation transitions. 

The transition ampliude can be written as 



M fi = -i 
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where the vertex functions arc 



± v M Pv^fvh>2a, 

Tl ■ ^0 (7 T (7 

T = ig s M s , 



(11) 



■ ie are the denominators of the meson propagators. The 



and a\ = p\ — m\ + it, a 2 = p\ — rn^ + ie, and 03 = p§ — r 
coupling constants g v , g s and go can be determined independently in meson decays. For the J/ip hadronic decays, 
large branching ratios for J/ip — » K* K + c.c. and pn + c.c. imply that the meson loop transitions may have significant 
contributions to those decays where the final state mesons have also large couplings to the exchanged mesons. This 
is indeed the case for J/ip — > V/o(1710), where the couplings for (pK*K, uiK*K, and /o(1710)if K are significantly 
large. Therefore, this simple argument will allow us to consider only the dominant meson exchange loops in the 
calculations. 

In the above equation, the coupling g can be determined by the decays of J/ip — > K*K + c.c. [Fig. ^Ja) and (b)], 
or J/ip — > pir + c.c. [Fig. ^c)], of which large branching ratios are observed in experiment, e.g. 
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(12) 



where T e *?, ^ , = (9.2 ± 0.8) x 10" 3 and T e J x , P l j_ = (1-27 ± 0.09)% are from the estimate of Particle Data 
Group [la. 

For fo —* KK in the fo cm. system, the coupling constant can be derived via 



<j: 



(13) 



which is consistent with the studies of fo — > PP in the determination of the mixing matrix elements |l5j : |k| is 
the magnitude of the three momenta carried by the final-state kaon (anti-kaon). With the estimate of b.r.t ^ K ^ — 
0.60 [3, and r T (1710) = 140 MeV we have ^f^ KR = 84 MeV; the coupling g s can then be determined. 

We determine the VVP couplings, i.e., g$K*K, gu>K*K, and g up7n in the SU(3)-flavor-symmetry limit. Since u> and 
<p are almost ideally mixed, the SU(3) symmetry leads to 



where q 



gup-n = ^g^jpO^o, g<j,K*K = 2v2gu>p°Tr°, gujK'K — "^g^pO-nO, 

84 is determined in vector meson dominance (VMD) model in to 
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We apply the Cutkosky rule to the loop calculation, where the mesons from the decay vertex are assumed to be 
on-shell, i.e. p\ = m\ and p 2 = m|. The transition amplitude then reduces to 
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where 
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(16) 



is the reduced loop integral after applying the on-shell condition for the integrand; The momentum conservation, 
P2 = p s — p 3 , hence leads to the angular dependence of the integrand in the above equation since p\ = {p s — p 3 ) 2 = 
M s 2 +m§ — 2E S E 3 + 2|p s ||p3| cos 6*. The form factor F((p s — p 3 ) 2 ) is included to take into account the off-shell effects 
for the exchanged meson in the final state interactions. 

In the loop transition, the polarizations of the initial-final state vector mesons, longitudinal-transverse and vice 
versa (TL), will not contribute to the integrals. Also, polarization of longitudinal-longitudinal (LL) vanishes in the 
tree transitions. We hence take the transverse-transverse (TT) ratio between the loop and tree transitions to define 



g v g s M S E V 
Mir 2 M M V 



S 



(17) 



where E v is the energy of the final state vector meson, and r c reflects the energy evolution of the meson loop transitions. 
For the loop transition, the LL component compared to the LL ones is M v /E v suppressed at higher energies, i.e., 
Mq — > 00. Therefore, r c is a good quantity for describing the energy evolutions of the loop transitions relative to the 
tree ones. A feature arising from r c is that E v /Mq — > 1/2 in the limit of Mo — > 00. Therefore, for sufficiently large 
Mo, the energy evolution of r c will be determined by S. 
The meson loop integration of Eq. 1161 can be rewritten as 



S 



-2vr- 



B 
A 



dcosO- 



( 1 + A cos 6 
1 + B cos 9 



F((p a -p 3 ) 



(18) 



where 



A = 2| Ps ||p 3 |/(M s 2 
B = 2|p s || P3 |/(M s 2 
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For the following situations with explicit considerations of the form factors, the integration can be worked out ana- 
lytically: 



i) Without form factor: F((p s 
The integration gives 
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ii) Monopole form factor: F((p s — p 3 ) 2 ) = (A 2 — m|)/(A 2 — p\) 
Define 



C = 2|p s ||p 3 |/(A 2 -(M 2 + m 2 -2i? s i?3)) 
A = (A 2 - m 2 )/(A 2 - (M 2 + m 2 3 - 2E S E 3 )) , 



(21) 



we have 



S b = 2tt\ 



A-B (1-B)(1 + C) 



I] 1 + C 

C n 1 - C ' A(B - C) "* (1 + B)(l - C) 



iii) Dipole form factor: F((p s - p 3 ) 2 ) = [(A 2 . - m|)/(A| - pi)} 2 
The integration gives 



(22) 
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{B-C){l-C 2 ) {B-C) 2 (1 + S)(1-C) 



(23) 



In (ii) and (iii) parameters Ai and A2 have a range of 1 ~ 2 GeV, which are commonly adopted in the literature [23j . 
In general, the adopted value for Ai is smaller than that for A2. In this calculation, we adopt Ai = 1.2 GeV, and 
A2 = 1.9 GeV, since they lead to the same results for Sb and S c in J/tp decays. If the same value for Ai and A2 is 
adopted, we find S c /Sb — 0.33 ~ 0.55 within the range of 1.2 ~ 1.9 GeV for the cut-off energy. 

In Table[IJ the ratio r c is calculated for J/tp — > K*K+c.c. — > 4>fo- Without form factor, the loop transition accounts 
for large fraction of the J/tp — ► K*K + c.c. decay, and obviously overestimates the branching ratios for J/ip — ► Vf$. In 
contrast, the inclusion of form factors will significantly suppress the loop transition strengths. Roughly to say, the loop 
transition has the largest contributions to the production of /o(1710). This can be explained by the large /o(1710)ATAT 
couplings. Interestingly, the K*K loop contributions to the branching ratio of J/tp —> 0/o(171Q) — > cpKK have the 
same order of magnitude as the experimental data. This directly shows that large OZI violations occur via the loop 
transitions. Also, the suppressed loop contributions in the production of /o(1500) and /o(1370) are consistent with 
the experimental results pj an d calculations presented in Ref . . 

For J/tp — > w/q, in addition to the K*K loop transition, the pir loop may also be significantly large. In Table ITT1 the 
loop contributions from J /if) — > K* K + c.c. — > uj/q are presented. Again, we obtain a relatively larger branching ratio 
for the /o(1710) than for the /o(1500) and /o(1370). Compared with the experimental data Q, where Tj/^->wf (i7io) > 
^j/^-K/yfo (1710) i h shows that the loop transition contributes slightly larger in J/ip — > ^/o(1710) than in J/tp — > 
w/o(1710). This originates from g#K*K > 9uK*K m the loop. 

The story changes in the pir loop transition. As presented in Table ITlTl this process has sizeable contributions to 
the /o(1500) and /o(1370) productions, but is negligibly small in the production of /o(1710). This suggests much 
more important roles are played by the p?r loop transitions for those two states. 

Although we do not present the estimate of the contributions from the pit loop transition to J/tp — > pir + c.c. — > 4>fo, 
it is worth noting that the (ppn coupling should not be small. As quoted by PDG (2^, the branching ratio for 
(f> — > pir + ir + iT~7r is about 15.4%. Supposing a large fraction of the decays is via (p — > pir, it will give a large coupling, 
and naturally lead to large branching ratios for the /o(1370) and /o(1500) in the (pmr channel. 

It should be noted that the loop transitions could contribute more to the branching ratios. Due to the on-shcll 
approximation applied, we have only included the imaginary part of the transition amplitudes in the calculation, and 
neglected contributions from the real part. More rigorous approaches would also consider the latter via e.g. disperse 
relation |2^ |. For the purpose of illustrating large OZI violations via the loop transitions, and investigating their 
energy evolution, it is sufficient to only consider the imaginary amplitudes from the on-shell approximation. 

To relate the above loop transitions to the OZI violation parameter r, we first note that the ratio r does not 
equivalent to r c . In the definition of r c , the tree coupling is given by J/ip — > K*K + c.c, while for r, the tree 
coupling is from the singly disconnected processes. Due to lack of constraints on the singly disconnected processes of 
J/tp —> (pfo, e.g. Fig.^a) and (b), we cannot directly derive r. However, notice that the major difference between r 
and r c is the different coupling at the J/ip decay vertex. We can then estimate: 

r(M T ) _ r c (M T ) 



r{Mj/^) r c (M J/v ,) ' 

Such a relation must be a robust one since we do not include all the intermediate meson exchange contributions. 
However, as we addressed in the previous part, the dominant meson-loop contributions are from the processes that 
the couplings at those three vertices are strong. In this sense, the neglect of other meson exchange contributions 
should not result in magnitude uncertainties in the above estimate. As confirmed by the calculations that the loop 
transitions are the dominant contributions to the OZI violation processes and have the same order of magnitude as the 
singly disconnected processes, we adopt r(Mj/ 1 p) = 2.2 from Ref. 0] to derive r(Mx) — 0.26 ~ 0.28, which indicates 
that the loop transition amplitude is indeed suppressed at the T mass region. The variation is from calculations for 
the K*K and pir loops, respectively. 

Mapping r(My) ~ 0.27 ± 0.01 to Fig. (see the arrows in the figure), we find that Rf ZI ~ 1.67 ± 0.04 in contrast 
with R^ ZI = 0.15 at r(M J/(i ) = 2.2. As shown by the curves in Fig. |2] between r = 0.27 - 2.2, Rf ZI experiences 
a dramatical change, which suggests a measurable effect from the possible OZI violation processes in the energy 
evolutions. In the small r region, where the OZI rule applies, the production widths for /o(1500) and /o(1370) in the 
(p channel will be significantly suppressed in comparison with the u> channel. At the T energy, i.e. r ~ 0.27, the ratios 
R§ ZI and R® ZI are also inversely changed in contrast with the values derived at the J/tp mass region. 

The energy evolution of r c in those three loops are presented in Fig. El Exponential drop can be seen at small Mq 
region, and it slightly levels off above 7 GeV. This indicates explicitly that the contributions from the loop transitions 
will decrease much faster than the tree transitions. This is consistent with the qualitative analyses made earlier. One 
can also see that the three r c 's have similar behaviors with the increasing energies. This eventually justifies the above 
simple relation as a general results for relating r to r c through the dominant loop transitions. 

Undoubtedly, the measurement of Rf ZI in the T decays also examines the glueball-QQ mixing scheme proposed for 
the scalar mesons. As presented in Fig-El the dramatic change of the relative positions of Rf ZI for these three /o states 



also depend on the mixing matrix elements. For example, in addition to the measurement of Rf ZI for the /o(1710) 
in T -> V/o(1710) -> VKK, it is also interesting to measure R% ZI for the / (1370) in T -> V/ (1370) -> Utttt. The 
values for R® ZI and R® ZI if match the pattern of Fig. [21 would be a strong support for the glueball-QQ mixings. The 
R® ZI for the /o(1500) can also be investigated though difficulty may arise from the small branching ratios for both 
T — * </>/o(1500) and T — > a; /o (1500). Although, high statistics in experiment should be required to isolate these two 
decay channels, the energy-evolution trends of Rf ZI seem to provide a way to disentangle the correlation between 
the OZI-rule violation and the structure of those scalar mesons. 

In summary, we discussed a possible way to determine the scalar structures by clarifying the role played by the OZI- 
rule violation. The latter was correlated with the glueball-QQ mixings in J/tp — > V/q. Since the flavor wavefunctions 
for to and are almost ideally mixed, the decay channels into u> and <f) in association with the scalar mesons, 
respectively, serve as a flavor filter for probing the QQ contents of the scalars. This allows us to separate out the 
doubly OZI disconnected processes, of which the effects can be measured by the branching ratio fractions between c/>/q 
and ufa i.e. R° ZI . Since the energy evolution of Rf ZI is mostly determined by the energy evolution of the doubly 
disconnected processes relative to the singly disconnected ones, the suppression of the doubly disconnected process at 
higher energies, e.g. in T decays, will lead to dramatic changes to Rf ZI with certain patterns. Observation of such 
a change will provide direct information about the scalar meson structures. 

Although at this moment, experimental data for T — > V Jq are unavailable, clear signals for /o(1710) have been 
reported in T — > 7/o(1710) — > ^KK [22]. With an increasing statistics, one may have access to the above mentioned 
channels at future facilities for heavy quarkonium physics |25i l2fij . 
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part, by grants from the U.K. Engineering and Physical Sciences Research Council Advanced Fellowship (Grant No. 
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/o(1710) 




/o(1500) 


/o(1370) 




(i) (ii) 


(iii) 


(i) (ii) (iii) 


(i) (ii) (iii) 


rc{M J/4 .) 


0.550 0.163 


0.165 


0.196 0.056 0.057 


0.149 0.041 0.042 


b.r.(J/ip 0/ o ) 


19.31 1.71 


1.73 


2.95 0.24 0.24 


1.83 0.14 0.15 


b.r.{J/i> -> 0/o -> 


11.59 1.02 


1.04 


2.53 0.02 0.02 


0.04 0.00 0.00 


b.r.(ea;p) 


(2.0 ±0.7) 




(0.8 ±0.5) 


(0.3 ±0.3) 



TABLE I: The intermediate K* K meson exchange contributions to the decay of J/ip — > (f>fo — > 4>KK for three cases: (i) without 
form factors; (ii) with monopole form factors; and (iii) with dipole form factors. The channel to which the loop transition has 
significant contributions is highlighted by bold characters. The numbers in the round brackets are data for J/ij) — » cj>fa — » <j>KK 
from BES Q. The branching ratios are in a unit of 10 -4 . 
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(iii) 
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(iii) 


(i) 


(ii) 


(iii) 


r c (M J/v ,) 


0.479 0.139 


0.141 


0.172 


0.047 


0.049 


0.131 


0.034 


0.036 


b.r.{J/i>^uf ) 


16.47 1.39 


1.43 


2.39 


0.18 


0.19 


1.46 


0.10 


0.11 


b.r.(J/4> -* w/ -» loKK) 


9.88 0.84 


0.86 


0.21 


0.02 


0.02 


0.03 


0.00 


0.00 


b.r.(exp) 


(13.2 ±2.6) 















TABLE II: The intermediate K* K meson exchange contributions to the decay of J/ip — > uifo — » uiKK presented in a way 
similar to Table U The numbers in the round brackets are data for J/ip -» w/ -» uiKK from BES 0, and the dottes denote 
the unavailablity of the experimental data. The branching ratios are in a unit of 10~ 4 . 
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FIG. 1: Schematic processes for the production of /q in J/ip 
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0.236 
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0.494 


0.143 


0.156 


0.565 


0.159 


0.175 


b.r.{J/^ -> uf ) 


5.26 


0.49 


0.57 


25.87 


2.18 


2.59 


35.84 


2.85 


3.43 


b.r.(J/ip — > cufo — > LJnn) 


0.35 


0.03 


0.04 


9.03 


0.76 


0.90 


7.17 


0.57 


0.69 


b.r.(exp) 





















TABLE III: The intermediate pi: meson exchange contributions to the decay of J/ip — > cufo — > uiivn presented in a way similar 
to Table The dottes denote the unavailablity of the experimental data. The branching ratios are in a unit of 10 -4 . 
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FIG. 2: Energy evolution of Ri in terms of parameter r. 



FIG. 3: The OZI doubly disconnected processes in terms of intermediate virtual meson exchanges. 




FIG. 4: The OZI violations from intermediate K*K and pir meson exchanges as dominant contributions to the doubly discon- 
nected processes. 




FIG. 5: The energy evolution of the ratio between the dominant meson loop transitions and the corresponding tree transitions. 
The solid curve is for K* K loop in the 0/o(171O) channel, while the dashed and dotted curves are for the K* K and pir loops 
in the w/o(1710) channels. 



